Kashima Island (32° 57′ N, 132° 27′ E) is a small island of southern Japan with high population density of sika deer (Cervus nippon). To ascertain whether heavy sika deer browsing has resulted in increased plant defences on the island, we conducted a morphological comparison of Rubus croceacanthus H. Lév. (Rosaceae) on Kashima Island and in the neighbouring areas on the mainland. We measured the length and density of the leaf and stem prickles. We found that the prickles of R. croceacanthus on Kashima Island were significantly longer and at a higher density than those in the neighbouring areas, suggesting that increased prickle length and density is an adaptive defence against sika deer browsing.
Introduction
Many plants without any defense against the browsing by sika deer lead to extinction under high browsing pressure by mammalian herbivores (Takatsuki, 2006) . Prickles are common anti-herbivory mechanical defences in thousands of plant species (Grubb, 1992; Gowda, 1996) , and they have evolved to avoid browsing by mammalian herbivores in various lineages of angiosperm. For example, African Acacia spp. and other woody plants have longer prickles on their lower branches than on their higher branches (Cooper & Owen-Smith, 1986; White, 1988; Gowda & Palo, 2003) . In the case of Urtica thunbergiana Sieb. et Zucc. (Urticaceae) which had been experienced feeding for many years and had been removed its trichome artificially, the density of them was increased (Pullin & Gilbert, 1989) . Some Citrus spp. and palms (Arecaceae) have large prickles only on juvenile trees and none or few when mature (Cooper & Owen-Smith, 1986; Cornett, 1986; Clement & Manshardt, 2000) . Moreover, as with several other types of induced defence, prickles are known to increase in size and number following herbivory (Milewski et al., 1991; Perevolotsky & Haimov, 1991; Young et al., 2003) . Additionally, some number of species decrease under the high browsing pressure by sika deer, others increase such as Triadica sebifera (L.) Small (Euphorbiaceae), Cleyera japonica Thunb. (Theaceae), Aralia elata (Miq.) Seem. (Araliaceae) and Dryopteris erythrosora (D. C. Eaton) Kuntze (Dryopteridaceae) (Takatsuki, 1989) .
Kashima Island (32° 57′ N, 132° 27′ E; 45.1 ha in area) is at the southwest coast of the Shikoku District of Japan and has a relatively high density of sika deer (ca. 38.5 per km 2 ) (Takatsuki, 1982) (Figure 1 ). Kashima Island and its opposite shore have approx. 500 m distance and both areas are similarly to abiological environmental conditions (Yagi et al., 1979) . Hashigoe (1995) reported that the flora of Kashima Island differs from that of the mainland because of heavy browsing by sika deer. Takei et al. (2013) found that the prickles of Rubus sieboldii Blume (Rosaceae) on Kashima were significantly longer and at a higher density than those from ungrazed areas of the mainland ( Figure 1B ). Although this result suggests that plant species with prickles have increased their physical defences against browsing, the prickles of Zanthoxylum ailanthoides are not significantly different from those on plants on the mainland (Takei et al., 2014) . Consequently, Takei et al. (2014) suggested that the difference in the high numbers of prickles between R. sieboldii and Z. ailanthoides was based on the level of browsing pressure on Kashima Island. However, few studies have investigated the comparative morphology of plant physical defences on this island; therefore, further research is required to elucidate whether the length and density of prickles of other plant species have changed in response to heavy browsing.
Rubus croceacanthus H.Lév. (Rosaceae) has prickles on its leaves and stems (Naruhashi, 2001) , and occurs on Kashima Island (Hashigoe, 1995) (Figure 1C ). Naruhashi (2001) reported that this species also occurs on the mainland close to the island, providing an opportunity to compare prickle morphologies between areas under different browsing pressures on Kashima Island and on the mainland, which has little number of sika deer (Ministry of Environment, 2003) . The purpose of this study was to measure the prickle length and density of R. croceacanthus on Kashima Island and the mainland, in order to ascertain the effects of browsing by sika deer. To measure the prickles length and density on the leaf midrib and rachis, 5 fully expanded leaves in the middle of the shoot of each plant were selected. The mean length of leaf prickles was calculated by measuring 5 prickles per leaf under a microscope. Leaf prickle density was calculated by averaging the number of prickles on a square section of 5 leaves per plant. The mean length of stem prickles was calculated as the mean length of five prickles from ten locations halfway up the stem. Stem prickle density was calculated by averaging the number of prickles on a square section of stem surface from ten locations on each plant. All statistical analyses were conducted using SPSS Statistics 19 (IBM SPSS, Chicago, Illinois).
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Results and Discussion
The morphological measurements are presented in Table 2 . The prickles on Kashima Island were significantly longer and at higher densities than those on the mainland (Figure 4 ; Table 2 ), suggesting that Rubus croceacanthus has adapted to heavy sika deer browsing pressure on Kashima Island. The other traits of R. croceacanyhus on Kashima Island had not significant difference with those of neighbouring areas (date not shown). However, the prickles on Muroto were slightly longer and at higher densities than those on Ashizuri Cape, Okitsu and Yokonami, suggesting that the browsing by sika deer effects against plants on Muroto, base on the report of Ministry of Environment (2003). Values that have the same letter within a column indicate no significant difference at the 5% level (Tukey Honest Significant Difference test).
These results are similar to those obtained by Takei et al. (2013) with Rubus sieboldii; both R. croceacanthus and R. sieboldii have short prickles on their leaves and stems in the absence of browsing. Rubus species may be specifically adapted to heavy browsing by sika deer, as shown by Bazely et al. (1991) . They specified that the stem prickles of the bramble (R. fruticosus) increased in length after its leaves were removed, suggesting the www.ccsenet.org/jps Vol. 3, No. 1; 2014 epigenetic events. We could not find this species on Akune Island, where the density of sika deer is more than thirteen times higher than that on Kashima Island (Ikeda & Iwamoto, 2004; Kiyohisa et al. 2005; Takatsuki, 1980) . This shows that R. croceacanthus and R. sieboldii are adapted to increase the length and density of their prickles at the level of browsing pressure prevalent on Kashima Island, but cannot grow in areas where the browsing pressure is too great. In Kinkazan Island, Takatsuki (2006) reported the similar situation to those of Kashima Island. In contrast to these species, Zanthoxylum ailanthoides has relatively long leaf and stem prickles, and prickle length and density in this species is not significantly different between Kashima Island and the mainland, but is increased on Akune Island (Takei et al., 2014) , suggesting that Z. ailanthoides may be able to resist heavy browsing. The results of the present study, and the results of previous studies by Takei et al. (2013; 2014) , suggest that Z. ailanthoides can grow in areas where browsing pressure by sika deer is relatively high, whereas R. croceacanthus and R. sieboldii can not do it. Recently, sika deer have caused serious forest damage in many parts of Japan (Takatsuki & Ito, 2009) , including bark stripping in south-west Shikoku (Okumura et al., 2011) . Browsing damage to various plants by sika deer is now beginning to occur in areas close to Kashima Island. R. croceacanthus and R. sieboldii may be able to continue to grow in these areas by increasing their physical defences, until the browsing pressure reaches the same level as on Kashima Island. However, there is a high possibility that they will be lost from these areas when the population size of sika deer increases to such an extent that the browsing pressure exceeds that on Kashima Island. Therefore, future studies should conduct morphological analyses of R. croceacanthus and R. sieboldii in these areas. (Hashigoe, 1995) , and these may also show increased prickle length and density. Hashigoe (1995) 
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